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Abstract 


Samples of the ground beetle species Elaphrus americanus 


Dejean, from subalpine areas in the Pacific Northwest, were 
compared to collections taken at lower elevations and were 
found to differ in the habitats where beetles could be 
taken, in the frequency of electrophoretic variants at an 
esterase and an aldehyde oxidase iocus, and in frequencies 
of several body colour morphs. The distinctive subalpine 
populations were found on Tusk Mountain, British Columbia; 
Mount Baker and Mount Rainier, Washington. All samples up to 
an elevation of 1000 m on these mountains and at all 
elevations on Mount Adams, Washington and Mount Hood, 
Oregon, had similar frequencies of electrophoretic variants. 
In these populations, the level of esterase variation was 
comparable to that of the most polymorphic species known. . 
Above 1000 m, enzyme variation was reduced. The three 
subalpine populations differed from one another in esterase 
aliele frequencies and, a colour morph not found elsewhere, 
was common in the subalpine sample from Mount Rainier. The 
patterns of variation were stable over time and independent 
of adult age. Transition from the low altitude to the 
subalpine populations was abrupt, occurring over a maximum 
altitudinal distance of 600 m on Mount Rainier. The origin 
of subalpine populations by one or more founder events is 
unlikely since the beetles fly well and disperse extensively 
and, there is indirect evidence for multiple dispersals into 


subalpine areas. Subalpine populations probably 
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differentiated in situ from the low aititude populations, 
Since the sharp break between the two forms corresponds to 
an egualiy abrupt change in environmental conditions with 
elevation which (1) limits movement of individuals between 
iow and high altitude populations because, at high 
elevations, heavy Enos accumulation retards onset of the 
summer season, and {2) results in differential selection 
pressures which are probably strong enough to offset the 
effect of any gene flow between the populations. Recent 
adjustmeats of populations to local conditions at higher 
altitudes is probable since a smali sample in the transition 
zone on Mount Rainier showed esterase allele frequencies 
characteristic of the low altitude population, but had a 
subalpine pattern of aldehyde oxidase variation. Subalpine 
populations may have differentiated to the species ievel, 
because these occur in specialized subalpine habitats not 
found at lower elevations, but evidence from data on enzyme 
and colour variation is equivocai. Mount Adams and Mount 
Hood are thought to be too dry to support permanent high 


altitude populations. 
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1. introduction 


1.1 Definition of general problen 

Mountains have figured prominently in the study of 
evolutionary processes. Studies of population variation with 
altitude on mountains were early demonstrations of the 
degree to which organisms may adapt to local environments 
(Clausen, Keck and Heisey, 1940), and also indicated that 
strong selection pressures can exist in nature ({Dobzhansky, 
1948). Workers interested in the speciation process {J. M. 
Diamond, cited in MacArthur, 1972) and in the historical 
origin of biotas (Darlington, 1971) have used to advantage 
the fact that environmental gradients are repeated over and 
over on the various peaks of a mountain range, and that 
altitude affects the distribution and makeup of populations 
of most species present on those mountains. 

One consideration of general interest is the conditions 
under which populations of a given species adapt to new 
environments, The most favourable situation is thought to be 
at the distributional limits of a species, where 
environmental conditions are often marginal and the 
populations are small and isolated (Carson, 1959; Mayr, 
1963). Such species distributions not only have geographical 
boundaries, but also altitudinal limits. This study was an 
attempt to determine how, a widespread species of ground 


beetle Elaphrus americanus Dejean (Carabidae), apparently 
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extended its upper aititudinal limit in the mountains of the 
Pacific Northwest to include a habitat type not found at 


lower elevations. 


1.2 Natural history and population structure of Elaphrus 
americanus 

Elaphrus americanus is found throughout forested 
regions across Canada and the northern United States 
{Lindroth, 1961). At low elevations, adults and larvae live 
at the edges of ponds or slow-moving streams on recently 
exposed, bare, wet, mud or clay flats. Adults are predacious 
and hunt on the surface of the mud during the day under 
bright or sunny conditions, and probably as a consequence, 
they are cryptic in behaviour and appearance. Individuals 
live one year, overwinter as adults, and then reproduce for 
several months (spring to mid-summer) and mate often. 
Habitats are scattered and there is probably considerable 
dispersal of aduits between sites, as these beetles are 
strong fliers and the habitat sites tends to dry up, flood, 
Or grow over with vegetation (pers. obs.). Thus, it is 


likely that populations are panmictic over large areas. 
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1.3 Definition of specific problems 

in the course of a generic revision of Elaphrus, my 
colleague, Henri Goulet (pers. comm.) collected hundreds of 
aduits of E. americanus near the edges of melting snowbanks 
in subalpine areas of the Cascade and Coast Mountains of the 
Pacific Northwest. Goulet found that subalpine samples 
differed from low altitude samples in means of several 
Character measurements and in frequencies of some colour 
morphs. 

it seemed reasonable to assume that E. americanus 
adapted secondarily to subalpine habitats. Subalpine 
populations, although peripheral in distribution, could 
hardly be considered isolated from lower altitude 
populations given the dispersal capabilty of this species 
and it was therefore of interest to determine what were the 
relationships between high and low altitude populations. 
Three specific questions were asked. Are the subalpine and 
low aititude populations genetically differentiated? If so, 
are the populations genetically continuous with one another 
at mid-elevations? The mid-elevation samples should then be 
intermediate in various characteristics. Finally, are the 
subalpine populations derived independently on some 


mountains? 
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2. Materials and Methods 


2.1 Materials and collecting sites 

Samples were collected along several mountain transects 
(Fig. 1) in July, 1976 and August, 1977, from low elevations 
(<300 m), mid elevations (<1000 m) and from higher 
elevations in the subalpine zone (as defined by Krajina, 
1970). Each transect was centered on a mountain from which a 
high altitude population of E. americanus was previously 
known. Samples were taken to encompass a spectrum of 
environmental conditions present on the West Coast, e@.g., a 
transect across Mt. Rainier encompassing wet coastal forest 
in the west (Brocklyn Road) and dry ponderosa pine forest in 
the east (Nile Creek). Samples were also taken to assess the 
effect of potential dispersal barriers (the Cascade Crest 
and the Columbia River basin) on the makeup of several 
populations of this species. The transects are rather widely 
Spaced apart, but additional collections were not made 
because of time limitations. In total, 706 specimens were 
examined from 17 samples (sample sizes given in Tables 1 and 
2 ie 
LOCALITIES: 
British Columbia: Tusk Mtn. transect. MIMULUS LAKE, 
Garibaldi Prov. Park 49957755". 123901755", i722 na, 1 SEP 
1977. 


Washington: Mt. Baker transect. ANDERSON CREEK, Mt. Baker 
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Snoqualmie Nat'l. Forest 48954100" 121943110", 610 m, 30 AUG 
1977; BAGLEY LAKES, Mt. Baker-Snogualmie Nat'l. Forest 
#8957925" 121941120", 1290 m, 30 AUG 1977. Mt. Rainier 
transect. BROOKLYN ROAD (Butte Creek), 1 mi. n. of Raymond 
46943900" 123°43'50", 61m, 5 AUG 1976; ASHFORD, 1 mi. e. 
Ashford 46945125" 4121959100", 426 m, 14 JUL 1976, 18 AUG 
1977; FISH CREEK, Mount Rainier Nat’1l,. Park 46947115" 
121952155", 9174.m, 15 JUL 1976, 17 AUG 1977; . MOUNTAIN 
MEADOWS, Mt. Rainier Nat'l. Park 46956'46" 12171952740", 1304 
hm, 18 AUG 1977; PARADISE, Mt. Rainier Nat'l. Park 46°47'15" 
121943935", 1585 m, 16 JUL 1976, 16 AUG 1977; NILE CREEK, 
Snogualimie Nat'l. Forest 46952925" 121955125", 1030 a, 13 
JUL 1976. Mt. Adams transect. COUNCIL LAKE {Jct. forest rd. 
123 & N84), Gaiiford Pinchot Nat'l. Forest 46°915'35" 
421936°40",. 1285 .m, 31 JUL 1976s, 

Oregon: Mt. Hood transect. VERNONIA LAKE, Vernonia 45°51125" 
123910440", 163 m, 27 JUL 1976; MUD LAKE, Mt..,Hood Nat'l. 
Forest 45°936'00" 12194720", 1085 m, 25 JUL 1976; RED TOP 
MEADOWS, Mt. Hood Nat'l. Forest 45°17'00" 121942125", 1097 
m, 4 AUG 1976; MT. HOOD MEADOWS (ski area), Mt. Hood Nat'l... 


Forest 45919945" 121939925", 1640 m, 22 JUL 1976. 
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2.2 Methods 

Those parameters which describe the genetic 
relationships between populations, i.e., levels of 
migration, interbreeding, and interfertility, can rarely be 
measured, but must be inferred from observations of 
Character variation. In this study, two sources of variation 
were used, protein variation as detected by electrophoresis 


and variation in body colour. 


The basis for the use of electrophoretic technigues to 
study the degree of genetic relationship between populations 
has been discussed by Avise (1974) and Lewontin (1974), who 
noted that much of the protein variation detected by 
electrophoresis can be interpreted in terms of genetic 
differences between individuals at single loci and 
populations can then be characterized in terms of gene 
frequencies. | 

Each individual from a sample was analyzed for variants 
of an esterase and an aldehyde oxidase enzyme. Several other 
enzymes proved unsuitable (many individuals could not be 
analyzed, or the genetic basis was unclear).. 

Reagents, eguipment and electrophoretic methods used 
were those of Rolseth and Gooding (1978) unless indicated 
otherwise. Polyacrylamide slab gel electrophoresis (6% 
separating gel, pH 8.2) was used throughout. 


Specimens were hand collected, starved for two days, 
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frozen on dry ice and stored intact at -70°C. Abdomens were 
pried away from frozen specimens with a scalpel, placed in 
0.4 mi of homogenizing buffer, cooled and ultrasonicated at 
full power for 3 min. using a Braunsonic 500 ultrasonicator. 
Extract was centrifuged at 10,000 g for 10 min. Aliquots of 
0.015 ml of sample were electrophoresed at 50 mA until 
bromophenol biue marker dye had moved 6.5 cm into the 
separating gel. Before each esterase run, 0.015 ml of 0.1 M 
dithiothreitol in homogenizing buffer was added to each 
aiiquot to prevent satellite band formation. Individuals 
scored in early runs were used as controls in later runs. 
Aldehyde oxidase was stained for and gels were washed 
as described by Rolseth and Gooding (1.c.), except without 
hypoxanthine in the staining mixture. The esterases were 
Stained with 60 mg Fast Biue RR (Anachemia) in 1 ml of 2% 
i-naphthyli acetate (Sigma) and 1.5 ml of 2% 2-naphthyl 
acetate (Sigma) brought to 25 mi with 0.2 M phosphate 
buffer, pH 6.0. Staining at room temperature was stopped 
after 30 min. with 7% acetic acid and geis were then washed 


in water. 
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It was hoped that changes in selection pressures with 
altitude or distance would be mirrored by allozyme frequency 
differences, but several authors have suggested that 
characteristics under singie gene control may not adequately 
reflect the spectrum of selective pressures which act on the 
individual (Berry and Peters, 19763; Soule and Yang, 1973). 
Berry and Peters ({1.c.) suggested that quaiitative character 
Variants under polygenic control are more sensitive to 
differences in selective pressure on different populations. 
Accordingly, specimens were also analyzed for a complex 
colour polymorphisa. 

Adults were assigned to green, copper or melanic colour 
categories. Some individuals were intermediate in colour 
form ox were of a different colour altogether, and were 
assigned to an "others" category. The colour of several body 
features combine to effect the overall colour of the body 
(Fig. 2); PUNCTURES, which cover the dorsal surface of the 
body, INTERSPACES between the punctures, and the dorsal 
surfaces of the LEGS. 

The green indiviudals have bright green punctures, with 
black interspaces, the dorsal surface of the femur and 
tarsus also being a bright green. A copper body colour is 
effected two ways: copper (Mt. Rainier) is a form with 
bright copper punctures, interspaces biack, legs entirely 
copper; in the cther form, copper {Mt. Baker), individuals 


have bright green punctures with shiny bronze interspaces 
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between punctures, the apex of the femur and tarsus being 
copper, the remainder of the leg green. 
In the melanic form, the basic body colours are 


distinguishable, but are duil and suffused with black. 


2.2.3 Age of adults 

Observations of two reproductive characteristics were 
made to provide an estimate of the number of immature adults 
in several samples, 

a. Sclerotization of the male genitalia. The aedeagus 
({intromittent organ) does not become heavily 
sclerotized until weli after the beetle has emerged 
from the pupa (pers. obs.).. 

b. resence of eggs in the female. Welil-developed eggs 
are not seen in females which have recently emerged 
(pers. obs.). The status of females without eggs 
could not be evaluated, because the observations 
were made after extraction of enzymes from the 
abdomens, at which time eggs in some specimens may 
have been dislodged. 

Bauer {1974) reported that adults of Elaphrus Liparius L. 
mature in one to two months, the period from egg to adult 
being one month. It is possible that adults of E. americanus 
could mature by the end of their first summer, but there is 


no evidence to suggest that adults reproduce before their 


second summer. 
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2.3 Statistical analyses 

Chi-sguare tests were applied to enzyme data for sample 
fit to Hardy-Weinberg equilibrium expectations, Comparisons 
between samples of the number of individuals with particular 
Gi eaaiRies were made by contingency chi-square tests, but in 
small samples, or where intrapopulation variation was too 
large, sufficiently large expectations (>5) could not be 
generated for a vaiid chi-square test. To obtain some 
estimate of the relationship of small samples to larger 
ones, the probability of obtaining the actually observed 
humber of individuals of a certain genotype in a small 
sample, if that sampie had been taken from an observed 
sample of larger size, was calculated. The probability is 
given by: P = Cn ce dan '?, (Robbins and Van Ryzin, 
1975) where C = binomial coefficient, p = proportion of a 
genotype in a large sample, r = observed number of 
individuals of that genotype in the small sampie and a = 
size of the small sample, Where intrapopulation variation 
was too large to allow a direct comparison of phenotype 
distributions between samples, the distribution of allele 
frequencies between samples was compared by Spearman's rank 
correlation test {Robbins and Van Ryzin, 1.c.). Since only 
two enzymes were examined, quantitative estimates of genetic 
Similarity between populations (Nei, 1972) were not made. 

Statistical comparisons of colour variation between 
samples were not done, because differences between samples, 


when observed, were of such magnitude that simple inspection 


of colour data seemed adequate. 
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3. Results 


3.1 Habitat comparisons between subalpine and lower altitude 
populations 

Populations of Elaphrus americanus above the limit of 
continuous forest were found in broad subalpine basins 
(Subalipine parkland subzone, Brooke et al., 1970). At 
Paradise, Mt. Rainier, beetles were collected from early 
snowmelt sites but only where there was considerabie surface 
drainage of meltwater from adjacent snowpack. These sites 
were on exposed, gentile slopes which later dried out or 
became densely vegetated with sedges and herbs, as the 
season progressed. Beetles were then found downslope on 
poorly drained glieysolic soils in protected, late-meiting 
snowbed habitats characterized by Carex nigricans sedge 
communities (Brooke et al., 1.c.). Many pooriy drained sites 
along small streams also support this type of sedge 
community, according to Franklin and Dryness (1973). Samples 
of E. americanus were collected from such sites also. At 
lower elevations, snowbed habitats do not occur, and the 
majority of collections of E. americanus {11 of 20) were 
made from beaver (Castor canadensis (Kuhl)) dam sites along 
streams on exposed mud flats where dams had been washed out 
or had fallen into disrepair... 

Subalpine basins seem to provide a suitable habitat 


over the life span of individual beetles and within a basin, 
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snowbed habitats are probably stable for thousands of years. 
several hundred individuals were observed in an hour at two 
different subalpine sites (Bagley Lakes, Paradise). In 
contrast to subalpine areas, suitable low and mid-elevation 
Sites were widely scattered and relatively small in extent 
(<30 m2), and probably because of the limited area of the 
habitat, lowland sites generally supported small numbers of 
aduits (<50). Habitat instability appears to be a 
Characteristic of low and mid-altitude sites. Five low or 
mid-altitude sites were revisited after a period of three 
weeks in July of 1976. At one site, the pool and surrounding 
mud flats had entirely dried out, a second site was almost 
entirely dry and three sites were flooded. In contrast to 
the initial collection at each site, few specimens of E. 
these sites had probably dispersed elsewhere as the 


conditions at each site deteriorated. . 
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3.2 Life cycle comparisons 

The life cycie data are most extensive from sites on 
Mt. Rainier and are probably representative for the Pacific 
Northwest in general. In 1976, on Mt. Rainier, adults began 
reproductive activities earlier in the season at 
mid-elevations than at high elevations, since, in mid-July, 
reproductively immature males were collected at 
mid-elevation, but none were seen from a subalpine parkland 
sample (Table 3). Beeties in the subalpine had probably just 
become active, as most of the subalpine parkiand was stiil 
under snow on the day the sample was collected. It is not 
known whether the mature adults in the subalpine sample had 
overwintered in situ at early snowmelt sites or had flown in 
from elsewhere. In August, 1977 immature adults predominated 
in collections taken at all elevations and this probably 
indicates that reproductive activity started earlier in 
1977, the probable reason being that the summer of 1977 was 


hot and dry, while 1976 was cool and wet... 
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3.3 Interpretation of enzyme variation 

An esterase system designated EST-1 was investigated 
(Fig. 3), EST-1 bands were distinguished by substrate 
specificity from bands of two overlapping systems which were 
expressed only occasionally. The EST-1 bands stained dark 
brown (hydrolyzed 1- and 2-naphthyl acetate), whereas the 
second system stained grey (i-naphthyl acetate specific), 
the third red (2-naphthyl acetate specific). With few 
exceptions, only single or double band patterns were 
observed, indicating that EST-1 is a monomer, with each band 
representing an allele at the EST-1 locus, and double-banded 
individuals being heterozygous (Hubby and Lewontin, 1966). 
Twenty-one EST-1 aileles were recognized over 17 samples. 
Bands, from different individuals, which overlapped in 
position on gelis, were considered to be products of a single 
allele, However, these "alieles" could be a composite of 
several alleles whose products have similar electrophoretic 
mobilities. The alleles were designated alphabeticaily in 
ascending order cf mobility, EST-1°; gst-1°; etc. The 
mobilities of common allozymes relative to the bromophenol 
blue front (Rf) are given in Table 1. Hardy-Weinberg 
expectations for the commonest EST-1 variants were large 
enough (>5) for statistical treatment only in a few samples. 
Each of three samples tested conformed to binomial 
expectations (Table 4). 

One area of aldehyde oxidase activity, designated AO-1, 


Was present on gels (Fig. 4). This enzyme appears to be a 
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dimer, three band phenotypes expressed by the presumed 
heterozygote (Hubby and Lewontin, l1.c.). Ten alleles were 
recognized and for the commonest alleles, all but one of 12 
Samples tested conformed to Hardy-Weinberg expectations 
(Table 5). The sample from Vernonia Lake showed a barely 


significant excess of homozygotes. 


3.4 Patterns of enzyme variation 

The data are comparable between years since, of samples 
collected at three sites in both 1976 and 1977, only one, 
the collection from Ashford in 1977 differed from the sample 
taken the previous year (Table 6). Only one other sample 
(Anderson Creek) did not poneGearis overall patterns of 
variation (section 3.4.1), thus no significance is placed on 


the year to year discrepancy in the Ashford samples. 


nd mid-elevations populations 

At low and mid-elevations, EST-1 variation within a 
population was extremely high (Table 1). Eleven to 15 
alleles were recognized per sample (n>30), no aliele 
exceeded a frequency of 0.35 and three to six alleles 
reached frequencies of >0.10 in a given sample. Frequency of 
heterozygous individuals ranged from 0.647 to 0.951. Low and 
mid-elevation samples could not be differentiated from one 
another by variation at EST-1. Pairwise comparisons between 
samples of the distribution of EST-1 phenotypes were not 


attempted because the observed number of individuals of any 
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given phenotype was too small to generate sufficiently large 
expectations (>5) for a chi-square test. These samples were 
compared by a rank correlation of ailele freguencies (Table 
6) which indicates that low and mid-elevation samples have 
Similat EST-1 allele frequencies, except Ashford (1977) and 
Anderson Creek, 
The AO-1 intrapopulation variation at low and 

mid-elevations was not as great as EST-1 diversity. Four to 


nine alleles were observed per sample and at all sites hea 


and ao-1? predominated, with ao-1° consistently third most 
frequent; ao-1© frequency 0.380 to 0.556, ao-1 7 £requency 
0.227 to 0.525. Proportion of heterozygous individuals 
ranged from 0.420 to 0.636 (Table 2). 

Pairwise comparisons between samples at low and 
mid-elevations for three AO-1 phenotypes, e/e, e/g, g/g (see 
Table 5 for number of individuals) indicated that two 
samples-Anderson Creek and Ashford (1977) were significantly 
different from most other samples. Ashford (1977) was also 
significantly different from the sample collected at the 
same site the previous year (chi-square, 3 df = 9.744, 
p<.025). However, Ashford (1976) was not different from any 
other samples except Anderson Creek and since the same AO-1 
alleles predominate in all low and mid-elevation samples 


(Table 6), no significance is attributed to observed 


ditferences. 
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324.2 Subalpine parkland sampies 

Intrapopulation variation of EST-1 in most subalpine 
parkland samples was less than in lower altitude samples 
(Fig. 5, Tabie 1). Fewer alleles were seen (six to nine) and 
a Smalier number of aileles (two to four) exceeded a 
frequency of 0.10 ina given sample. Commoner alleles 
accounted for a larger proportion of the total number of 
EST-1 genes in a sample, the proportion (given as a mean) 
accounted for by the three commonest alleles being 0.82 
{range 0.769 tc 0.835) of the total in the larger subaipine 
samples (n>30) and 0.54 (0.462 to 0.646) in the low and 
mid-elevation samples. However, no EST-1 alleles exceeded a 
frequency of 0.666 thus the proportion of heterozygous 
individuais was still high (0.653 to 0.729 in larger 
samples). 

The variation between subalpine parkland sites was 
marked, that is, the EST-1 allele frequencies on Mt. Baker 
(Bagley Lakes) and Mt. Rainier (Paradise) were very 
different, the commonest EST-1 alleles at Paradise were j, 
i, 1; at Bagely Lakes m, i, £. The small Tusk Mtn. subalpine 
sample (Mimulus Lake, n = 15) also appeared to have 
distinctive EST-1 allele frequencies, alleles i and m being 
most common. Pairwise comparisons between subalpine sites on 
Mt. Rainier and Mt. Baker, of the four commonest phenotypes; 
i/j,s i/ji, ifm, m/m (see Table 4), indicated that EST-1 
differences were Statistically significant (chi-square, 4 df 


= 33.884, p<.001). The Tusk Mtn. sample was also 
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Significantly different from the Mt. Rainier and Mt. Baker 
Samples (phenotypes compared: i/i, i/m), however, calculated 
expectations were too low for a valid test. Thus, the 
probability of drawing the Tusk Mtn. sample from these 
larger samples (with respect to i/i and i/m) was calculated 
(Table 7). These calculations also indicate that Tusk Mtn. 
is distinct in frequencies of EST-1 alleles. 

intrapopulation variation of AO-1 (number of alleles, 
number of common alieles) was reduced in most subalpine 
parkland samples (Fig. 6, Table 5). The allele ao-1~ 
predominated on Mt. Baker and Mt. Rainier (frequency range: 
0.863 to 0.913) and heterozygosity was strongly reduced 
(0.152 to 0.244). This allele predominated in the Tusk Mtn. 
sample also. Mt. Rainier and Mt. Baker subalpine samples had 
a Simiiar number of individuals with the AO-1 phenotypes c/e 
and efe (chi-square was not significant in a contingency 
table test). The smali sample from Tusk Mtn. was also not 
distinct from larger subalpine samples (Table 7). 

in contrast to the three more northern mountains in 
this study, Mt. Hood does not appear to have a distinct 
subalpine population, In the smail subalpine sample (Mt. 
Hood Meadows, n = 18) no EST-1 allele exceeded a frequency 
of 0.222 and eight alleles were seen (Fig. 5, Table 1). 
Thus, the pattern of EST-1 variation resembles that at lower 
altitudes. A0O-1 variation was also not reduced (Fig. 6, 
Table 2). The alleles ao-1% and ao-1% were present at nearly 


equal frequencies and the proportion of heterozygous 
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individuals was 0.533. Calculation of the probability of 
drawing the smali Mt. Hood Meadows sample from lower 
altitude samples with respect to A0-1 phenotypes; e/e, e/g 
and g/g, also indicated relationship of this sample with 
lower altitude samples (Table 7). Allele frequencies of AOQ-1 
and EST-1 at Mt. Hood Meadows were positively correlated 
with allele frequencies in lower altitude samples (Red Top 
Meadows) but the correlations were not statistically 


Significant (Table 6). 


Kh 


324.3 Subalpine 
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Two samples were taken from the forested lower reaches 
of the subalpine zone (subalpine forest subzone, Brooke et 
al., 1970). The Council Lake sample on Mt. Adams was not 
different in freguency of either AO-1 or EST-1 alleies from 
low and mid-elevation samples (Table 1, 2 and 6). The small 
{n=12) Mountain Meadows sample on Mt. Rainier appeared to 
fit the variation pattern of EST-1 at lower altitudes (Fig. 
5), but this could not be tested statistically. In this 
sample ao-1% predominated as at higher altitudes (Fig. 6) 
and the probability is high that with respect to Ao-1% this 


sample was drawn from a subalpine parkland sample (Table 7). 
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3.4.4 Patterns of enzyme variation-summary 


The variaticn in enzymes AO-1 and EST-1 indicated that 
there are three distinct subalpine parkland populations: 
Tusk Mtn., Mt. Baker, and Mt. Rainier, Transition from the 
widespread low altitude population to the subalpine 
population occurred over a maximum altitudinal distance of 
600 m on Mt. Rainier. The sample from Mountain Meadows on 
Mt. Rainier indicates that the variation patterns of EST-1 
and AO-1 are not congruent in the transition zone and that 
altitudinal effects on AO-1 occur first. No distinct 
subalpine populaticn was found on Mt. Hood, and as for the 
Mt. Adams sample from the subalpine forest subzone (Council 
Lake), it does not show altitudinal effects, thus, there may 


not be a distinct subalpine population on Mt. Adams either. 


3.5 Patterns of colour variation 

Colour variation appears to be independent of enzyme 
variation since the distribution of EST-1 and AO-1 alleles 
within samples are not correlated with colour morph (Table 
8). This colour variation data (Table 9) supports much of 
the interpretation of enzyme data, e.g., Subalpine parkland 
samples on Tusk Mtn. (Mimulus Lake), Mt. Baker (Bagley 
Lakes) and Mt. Rainier (Paradise) all had a high frequency 
of copper coloured individuals while lower altitude samples 
did not. Distinctiveness of certain subalpine populations 
was partly verified since the copper colour morph found on 


Mt. Rainier was not found on Mt. Baker or Tusk Mtn. The 
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altitudinal transition for colour variation may be as abrupt 
as with the esterase enzyme, since no copper individuals 
were observed from the subalpine forest site on Mt. Rainier 
(Mountain Meadows)... 

Melanic individuals are common only on Mt. Hood at mid 
and high elevations (Mud Lake, Red Top Meadows, Mt. Hood 
Meadows) and on Mt. Adams (Council Lake). This is 
inconsistent with enzyme variation data which did not 
indicate differentiation of any low or mid-altitude samples. 

Presence of melanics in the subalpine Mt. Hood sample 
(Mt. Hood Meadows) indicated, as did the enzyme data, again 
that there is no distinctive subalpine population on Mt. 


Hood. 
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4. Discussion 


4.1 Genetic interpretation of enzyme and colour polymorphisn 


data 


non- 


Electrophoretic mobility may be influenced by 


genetic factors (Ressler, 1973). No attempts were made 


to cross E. americanus polymorphs in the laboratory and 


thereby establish more directly, that the enzyme variation 


has 


a genetic basis, but four lines of indirect evidence 


Support such an inference: 


(2) 


———_ 9 = ee ee ee 


patterns were consistent with control by multiple 
alleles at single loci. Each individual expressed only 
one of two patterns for each enzyme: single band 
(homozygote) ; two bands (heterozygote for EST-1); three 
bands {heterozygote for AO-1). Similar patterns of 
esterase bands have been observed in other insects and 
shown by genetic experiment to be allelic variants at 
(1963); EST-6 in Aedes aegypti, Saul et al. (1976)). 
Similar aldehyde oxidase band patterns have been 
reported and shown to be allelic variants of a dimeric 
enzyme for Drosophila melanogaster (Dickinson, 1970); 
and for Glossina morsitans morsitans (Rolseth and 
Gooding, 1978). 


Stability of allele frequencies. Samples taken from the 


23 


“4 


doiaesoald oA, 


wa idysonysog iuofo> bas amysag to molt 6: 910: | 


yd badasulint ed yom, (silicon — 


obese etew uigassts of ener asteton, aaa 
Pays" 


ik 4 psi 


sotteizay eaysde edd tedt velsoeaks e108 


Gee Yrotesodsl sit of adqaomytog. ; 


vonebive 30eaibai 20 eonil 20% aud eiend 


weoneaetatk | 
Bits d Bevisedo: sat -2uzosaed paibied | 73 
elgitiua yd fowdaco asiw jnodeienon paew, dae 
- ; “a 


yino heresaygie Isubivibat daa - tool phonic +6 —a ‘a 
fused sipaie tom site dase. 103 Bur8326q ond ie eno 


uit 2 (f-TeS aod asopyaoip ral) abusd ows it 


io BatSst Bg islinie (0-08 10% pera 

bas etoeenl redgo: ad bev 1sndo wood owed ziaed cguansae 
th etasbsby sitelis advos + saouiiegre ot temey yd avout 
[oq ee Gerster cm 


SUpPHIH «BE 


(4) 


24 


Same sites in 1976 and 1977 on Mt. Rainier did not 
differ substantially in allele frequencies (Table 6) 
despite: (a) being one generation apart; ({b) within 
generation age differences, the 1976 samples consisting 
Mainly of over-wintered reproductively mature 
individuais, the 1977 samples composed of immature 
adults (Table 3); (c) climatic contrasts in 1976 and 
1977. 

Patterns of variation. The same electrophoretic variants 
were present in low altitude and subalpine populations, 
only their frequencies were different. 

Hardy-Weinberg equilibrium. Almost all samples tested 
conformed to binomial expectations for AOQ-1 and EST-1 


phenotypes (section 3.3). 


Taken as a whole, the data are consistent with the 


hypothesis that observed electrophoretic variation of each 


enzyme reflects genetic variation at a singie locus. 


There is no evidence of genetic control of colour 


variation in Elaphrus species, but Young (1965) suggested, 


on the basis of various crosses, that several co-dominant 


genes control extent of bronze colouration on the elytra of 


a hydrophilid water beetle Tropisternus collaris F. Genetic 


assumed and since several characteristics contribute to 


overall body colour, a number of genes probably control the 


polymorphism, with different genes responsible for 


expression of the copper (Rainier) and copper (Baker) 
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morphs, since they are so different from one another 


{section 2.2.2). 


4.2 Origin of subalpine populations: Possibilities 

extended its altitudinal range could be rephrased, "How can 
the presence, on various mountains, of two strongly 
differentiated populations which replace each other abruptly 
With altitude, be accounted for?" Huxley (1942) discussed 
two possibilities. If selection pressures differ markedly in 
each of two habitats {aititudinally delimited in this 
study), a continuous population might become differentiated 
into two subpopulations, each adapted to one of the 
habitats. The contact zone between the populations would be 
one of primary intergradation (Mayr, 1963). Aiternatively, 
there may be secondary contact between the two populations 
which differentiated from one another in geographical 
isolation. It is argued that the contact zone between 


subalpine and low altitude forms is a primary one. 
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4.3 Primary intergradation: evidence 

Several lines of evidence indicate the contact zone is 
a primary one: an abrupt change in environmental gradients 
with altitude; the likelihood of strong differential 
selection pressures in the subalpine zone; the possibility 
of restricted gene flow between low and high altitude 
populations through a temporal separation of reproductive 


periods. 


Environmental conditions differ dramatically over a 
Short elevationai distance in the study area. Brooke et al., 
(1970) reported that on the seaward slopes of the Coast 
Range in British Columbia (Tusk Mtn. area of this study), 
Marked accumulation of winter snowfall occurs only above the 
lower limit of winter freezing temperatures at 990 m., which 
marks the lower boundary of the subalpine forest subzone 
(Brooke et al., 1.c.) and corresponds precisely to the 
transition area between subalpine parkland and mid-altitude 
populations of E. americanus on Mt. Rainier. Below the zone 
of snow accumulation, the activity of E. americanus 
populations starts considerably earlier in spring (records 


seen for late May), while the earliest collections fron 


subalpine elevations are dated from mid-July... 
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4.3.2 Role of selection 


Genetic differentiation of continuous populations 
across Sharp environmental gradients has been demonstrated 
for a variety of sessile organisms such as grasses on metal 
contaminated soils (McNeilly and Bradshaw, 1968) and mussels 
in relation to water salinity (Koehn et al., 1976). Fewer 
examples are known for vagile organisms. A population of 
Drosophila melanogaster ina wine cellar had a higher 
tolerance to alcohol than the population in an adjacent 
vineyard and this tolerance was maintained despite 
considerable gene flow into the cellar (McKenzie, 1975). 
Platt and Brower (1968) reported an abrupt reversal of 
selective forces accounted for a switch-over from mimetic to 
disruptive colour forms in the Limenitis arthremis-astyanax 
butterfly complex, the astyanax form found only within the 


population of sulfur butterfly, Colias meadii Edw. in 


Colorado, Johnson (1976) demonstrated significant 
differences in isozyme frequencies between montane meadow 
and subalpine populations, in spite of dispersal of 10% of 
the individuals between adjacent subpopulations. Such 
studies support the contention that strong selection 
pressures may lead to differentiation within populations in 
spite of gene flow (Ehrlich and Raven, 1969).. 

Considerable differences in selective pressures 
probably occur between subalpine and lower aititude sites. 


Ferenz (1975) studied physiological differences between 
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continental (Central European) and subarctic (Swedish 
Lapland) populations of the ground beetle species 
Pterostichus nigrita F. Subarctic P. nigrita larvae showed 
reduced mortality rates at low temperatures, developed 
faster at high temperatures and achieved greater weights, 
while adults were able to initiate and complete gonad 
Maturation under long day photoperiod, individuals fron 
central Europe reguiring short day exposure. These 
differences were interpreted as adaptations of northern 
populations to a short summer activity period under long day 
conditions, interrupted by frequent cold spells. Similar 
adjustments could be expected to occur in subalpine 
populations of Elaphrus americanus which must cope with 
Short summers, cold spells and are active only during long 
day conditions. . 

Can observed patterns of enzyme and colour variation be 
attributed to selection? Other workers have studied 
geographic patterns of intraspecific variation of highly 
variable enzyme systems and have argued that selection 
Maintained the variation (e.g. Burns and Johnson, 1971) but 
conclusions based on studies of geographic patterns aione 
have been questioned (Lewontin, 1974). In this study, 
predominance of the allele ao-1% in several otherwise 
differentiated subalpine populations does suggest selection 
for this allele at high altitude, but as in most studies of 
this kind, it is not known what selective advantage the AOQ-1 


allozyme might have, physiological or otherwise. Factors 
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which affect frequencies of AO-1 alleles do not precisely 
correspond to those influencing EST-1 variation, since the 
sample from the transition zone on Mt. Rainier fits the 
subalpine populations in AO-1 variation but not in EST-1 
aliele frequencies. In an analogous situation, Johnson 
(i1.c.) observed several different clinal patterns of isozyme 
variation in a population of Colias meadii aiong an 
elevational transect across the subalpine zone on a Colorado 
mountain and he attributed the patterns to selection. 
probably at an advantage at high altitudes since the copper 
forms are common only in the subalpine parkiand and, most 
likely, have been derived independently on Mt. Rainier and 
Mt. Baker (derivation of the copper (Rainier) morph from the 
copper (Baker) form requires two steps - bronze to black 
interspaces, green to copper punctures, but only one step is 
reguired from the green morph, green to copper punctures). 
Protection from predation and physiological advantages have 
both been implicated in maintenance of other colour 
polymorphisms in insects (Kettlewell, 1961), but correlation 
between background colour and body colour was not observed 


mecicanus populations. | 


in the field for E. 
Patterns of colour and isozyme variation between 
samples were largely congruent with one exception, The 
mid-altitude populations in southern Washington and northern 
Oregon could be distinguished from other mid-elevation 


populations in the high number of melanic individuals but 
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did not differ in frequencies of enzyme variants. A 
comparable discrepancy between morphological and isozyme 
data was reported for island populations of spittle bug 
Philaenus spumarius L. by Saura et al., (1973). Different 
selection pressures were thought to act on enzyme and colour 
polymorphisms, since different colour variants predominated 
on each island, while the same enzyme variants were common 
on ail islands. 

Environmental factors may retard differentiation of 
subalpine forms cn some mountains. The Pacific Northwest 
experiences summer drought and by late summer in subalpine 
areas, most individuals of E. americanus are found near 
permanent ponds and smali streams. Permanent ponds are rare 
in subalpine areas on Mt. Hood and Mt. Adams and in some 
years conditions may be too dry in these areas to maintain 
subalpine area on Mt. Hood was from a man-made site, a 


drainage ditch ina ski area. 


4,323 Role of gene flow 

In addition to selection, levels of migration between 
adjacent populations also affect degree of differentiation 
of those populations. For example, selective advantage of 
alcohol tolerant individuals of Drosophila melanogaster was 
not high enough, in relation to the observed amount of gene 


flow into the cellar, to maintain a distinct, 


aicohol-tolerant, wine cellar population (McKenzie, 1975). 
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He demonstrated that migration into the cellar is restricted 
to one period of the year and postulated that only aicohol 
tolerant dispersers make the move successfully... 

What are present levels of gene fiow between subalpine 
and mid-elevation populations of E. americanus? If 
considerable movement of adults occurred during the study, 
Significant deviations from Hardy-Weinberg expectations 
Should have been observed (see Koehn et al., 1976), but in 
this study, subalpine and mid-aititude samples conformed to 
Hardy-Weinberg expectations. Excesses of heterozygotes were 
observed as commonly as heterozygote deficiencies. 

If dispersal rates are low between subaipine and 
mid-elevation populations, then only a few migrants would be 
present at any time at a site, but this dispersal could not 
be detected by examining samples for deviation from binomial 
expectations since the test for Hardy-Weinberg equilibriun 
is not sensitive enough (Wallace, 1968). Since populations 
were only partially differentiated at each of the loci 
studied, the probiem was compounded. 

Since the effects of dispersal could not be detected at 
the population level, it was hoped that individuals could be 
identified as to origin. Coluzzi and Bullini (1971) used 
electrophoretic variants as markers to identify hybrid 
individuals in a study of gene flow in mosquitoes. In E.. 
americanus, one common electrophoretic variant was almost 
restricted to a subalpine population - EST-1 which was 


present at frequencies of 0.25 to 0.35 in the subalpine 
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population on Mt. Rainier (Paradise). One individual fron 
the transition zone sample (Mountain Meadows) was 
heterozygous for gsT-1° and one EsT-1° heterozygote was 
collected still lower down at Fish Creek in 1977. It was not 
possible to determine whether these gST-1° genes originated 
by introgression from the high altitude population, or if 
EST-1" is generally present at low frequency (<2%) at lower 
altitudes, because differences in allele frequencies were 
not of sufficient magnitude to allow identification of 
individuals as to their origin. Ayala and Powell (1972) were 
able to use single loci to differentiate individuals of two 
Sibling species, since different alleles were nearly fixed 
at one or more loci, but a large number of partially 
differentiated loci would have to be used to identify 
individuais of E. americanus as to origin. 

Two observations suggest that dispersal into and out of 
subalpine areas may be restricted: 
(1) The delayed availability of subalpine habitats due to 
persistence of snow probably restricts movement of 
individuals from lower altitudes into the subalpine zone and 
vice versa until late in the season and by this time some 
portion of reproductives at lower altitudes will have been 
replaced by immature adults, and these individuals could not 
affect the genetic makeup of subalpine populations until the 
next summer. 
{2) Since subalpine habitats are stable over many years, 


while the sites at lower altitudes may not persist over a 
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Single season, individuals from subalpine sites may not 
disperse to lower elevations to the same extent as beetles 
from low and mid-aititudes move higher. Gilbert and Singer 
(1973) reported that adults of the butterfly Euphydryas 
editha (Boisduval) from an unstable habitat dispersed more 
readily than adults from a population in a stable habitat 
and this difference probably had a genetic basis. 

With restricted levels of dispersal of individuals 
between subalpine and mid-altitude populations, selection 


could be responsible for the observed differentiation. 


4.4 Secondary intergradation 

Geographic isolation and differentiation of various 
populations during the Pleistocene, one or more of which 
became subalpine forms, seems unlikely. Mountain ranges in 
the study area, from Canada to southern Washington, were 
largely covered by ice during glacial stages of the 
Pleistocene (Denny, 1970) at which times montane populations 
of E. americanus were presumably destroyed or displaced to 
lower elevations south of the ice sheets (Fig. 1). Tundra 
communities probably occurred along the ice margins 
(Heusser, 1972), and could have supported a string of 
tundra-adapted E. americanus populations, but since forests 
were probably always in close proximity to the ice margin 


{Heusser, l.c.), it would still be necessary to account for 


origin of lowland tundra-adapted populations of E. 


americanus from lowland forest populations nearby. If one or 


ton you wotis satglagie io err 
talbleod ee nested AROS ods os ateuserate 20008 
topete O06 sia he vases, svem, eens ' | y 
u6i Iusows yiraesaed add 2 arlobs aed + maszoues 
sion. baetegqeth séridad Yeesane ae aor. ios) 
tatided sidata 6 at not salugog # wort dine 00s 
abesd, ohseeepo we Sauk ¢idwdo xq vonegeahhb 2: | 
2isubivibab ito iearege kb te elevel bospastews sist a : 
itoalss ,anoLseieqeg,) obusinis~bin sia — wie 
(noise ttnetet2Ee powresdo. eft 10%. ee 


voLisv .0 bots sk sno 263456 fae! cvercrrs 
ifw t0 SIOn JO BRO vonsvote told eas poisub 


opie? oistdook .y Loud ay angee | #0302 niga 
F1ow ot pa ide ow axed su08 ot abeme? nord ord Ne 
ad? to cop bse isioese. emt aub: wai! a 7 
ialugeg shstom neu ts dotaw te qorer aa 
6+ Bagaigeib 20) beyorsesh yidsaueotq ore ag 
sxhaut . tt “bit assode 908, sds 20! duce enok | 
t gio b. bolataoe: ide dong) pore = ear: im 
a 2 eved bipoo bas , (ster eRe 
en0 $2 be s04 lapaginna a ier a 
Bipvlsa oot sds sa 


20 pit isje 5 


aseeIot saute stud 


261 tavowDs oF yaseHow 


34 


more tundra-adapted populations did exist south of the ice 
Sheets, then with the retreat of glaciers at the end of the 
Pleistocene, tundra-adapted populations moved with the 
glaciers to higher elevations, adapted to higher altitudes, 
and diverged from one another as populations became confined 
to isolated subalpine areas. 

Establishment of subalpine populations might also be 
accounted for by a "founder event" (Mayr, 1963; Carson, 
1965), during which, initial colonization was achieved by 
oniy a few individuals, who carried only a small portion of 
the genetic variation of the parent population. Rapid 
genetic adjustments and differentiation occurred as the 
population expanded in the new habitat. 

The strongest argument against the founder hypothesis 
is the following evidence for multipie dispersals into the 
subalpine areas: 

(1) Aduits fly well and potential physical barriers such as 
the Columbia River basin or the Cascade Crest do not appear 
to influence. patterns of variation in E. americanus. 

(2) Beetles were collected at all suitable sites within the 
transition zone, despite the fact that habitats are rare at 
those elevations because slopes are generally steep. This 
indicates that the transition zone is not an effective 
dispersal barrier. 

(3) Females of several Elaphrus species lay eggs in habitats 
not characteristic of those species when, according to 


Goulet (1978), various riparian habitats are used as rest 
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stops during dispersal flights. The females from lower 
elevations may often "test out" new habitats in this way 
when dispersing. 

(4) A large proportion of alleles seen in lower altitude 
Samples are present in samples from subalpine populations. 
(5) Samples from subalpine areas on some mountains (Mt. 
Hood, possibly Mt. Adams) do not differ from lower altitude 
samples, 

The arguments in points (4) and (5) are complicated by 
observations that enzyme variants with identical mobilities 
often show heterogeneity in various properties such as 
resistance to denaturation by heat or urea. This indicates 
that several alleles at a locus may code for enzymes with 
identical electrophoretic mobilities and allows the 
possibility that such electrophoretic variants may arise 
independently in different populations (Reviewed by 
Selander, 1976; Throckmorton, 1977). 

The alternative historical synopsis, in terms of a 
habitat extension in post-Pleistocene times, is as follows: 
The retreat of Cordillerean glaciers at the end of the 
Pleistocene allowed recolonization of subalpine areas 
through multiple dispersal of individuals from populations 
of what are now low and mid-elevation forms. Successful 
establishment in the subalpine zone probably occurred along 
the edges of ponds, which are usually in close proximity to 
snowbanks that persist for most of the summer. Adaptation of 


subalpine populations to local conditions was necessary and 


aevel teat embhuda oft sade ; 
yse aid? ui efpPidEdh Mow "260- ape, 199 


ehuttiis i9wol, ab 1998 aokolis to 04 . 
<2e0 f26iaqeq enig isiira go72 aclquse mi 
-2¢) entsinuom Sk0e ac 29S 3H oma Lede, 


“tities awowoel mowd ‘ae2aib, ton ob (#msba api 


ety 


a me 
a 
f 


yd betsoitignos aot {<) bas (4) bai a By 
aes | 


astitiiden Laoistsebi Agiv etasiaey oa ys Bas Bite: 
sday ae 


a8 ddue Beivteqotg avoitsy at yee wonaas 


“ 


tegihasr “id s6930 30 er ya noksez09e008 © ‘ 


J7iw 2omysae 103 Shoo. you avaod pb TS inlatbai 


od? evolts bag eet? thidom otreasosroate 
gaits yee GiaeL2 ev olteredqors sole. dows tad 
yi bewotvedl) adotysiugog, PaewertL nt J ie 

A {S0EF “ssosaon doen dt oe 

& 20 aux? at ,ateqoaye Eboinotezitty rea 4 


tawolijod 26 @t ,eenis oagcoseisli~ 36g as as ©. 


cagtseiugog most elnobivtpni to’ hantegain? olgisime: i 


icy 


fwlegzensyd .20302 ahaatolacnie bas ey ae 


36 


was also enhanced during cool, wet periods when heavy 
snowfalls would result in short seasons and some alleochronic 


separation from lower altitude populations. 


4.5 Reproductive relationships 

In the absence of evidence for gene flow between 
subalpine and mid-elevation populations, it must be asked 
whether these populations are reproductively isolated fron 
one another. The genetic relationships between subalpine 
populations are also unclear since they are isolated fron 


one another by distance, 


21 Populations o 
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a mountain 

The overall degree cf differentiation between 
populations might be used as an indicator of reproductive 
isolation, but the observed isozyme differentiation between 
subalpine and mid-altitude populations is not conclusive 
Since: (1) similar levels of differentiation may be observed 
both within and between species of Drosophila (Throckmorton, 
1977; Zouros, 1973); (2) the sample from the transition zone 
on Mt. Rainier (Mountain Meadows) shows both mid-altitude 
and subalpine influences. 

The strongest evidence for speciation is the ability of 
subalpine individuals to use late snow-melt sites towards 
the end of the first summer and after overwintering, then 
resume activity in early snow-melt habitats in the second 


summer. This is a considerable behavioural specialization 


aa 


yveod asdw ehorsf te «tame wre 
yinoidooilie eee ofS etbuaee sadae at ieee 
2013 eLUgod | emia a = 


Yi bib 


soowaed vol? sey 103 sonahivs io 99f % 

ose6 ed 2egR tt 2n0i3etoiog soLsevats-biq'b 
sori betsloer tlevisouboay aa ors ean t26cngiem 
only Lain asewsted aqidenotsalod sigohob: ode 
sort borsioet sis yous) sonia apeloau oaks va 
| eometekt * 


‘abeilaiee 8 ne BAUS 

nesewsad noaspksueae3ath to sexyab ‘ane 6 
vitovbosge1 to zoseoibak a6 an beew ws Daye te 
wwied We idaisudeeteey saysoed bevzeede” iri tod 
evieuionos tom ef. anosteLugoq obu2 iste-pia py 


Bh ee 
¥igedo ed TT a0.t8 ak situ¥e3 ti b to eterel 


peoracmavotd'T) siidageoxd” “20 as tseqe” neouted bas ie 
-90% sobaieagad ont aoat eigane ae (8) eteker faa pe ae 
spusiale-ba dom svote. seed guna 2 
Ay Sriahenta aocohas 


37, 


Since E. americanus is not associated with snowmelt at lower 
altitudes. If in fact the mid-elevation and subalpine 
populations are to some degree reproductively isolated from 
one another by behavioural specialization, the initial 
differentiation could still have arisen by disruptive 
selection across a sharp environmental gradient (see Maynard 


Smith, 1966). 


4.5.2 Subalpine populations on different mountains 
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Gene fiow between subalpine populations on Mt. Rainier 
and Mt. Baker may cccur since the allele EST-1 was found at 
a freguency of 0.30 in samples from the subalpine parkland 
of Mt. Rainier and at a lower frequency (0.07) on Mt. Baker. 
Clinal variation of EST-1 through intervening populations 
would then be expected, but samples with which to test this 
possiblity are not available. If, as has been suggested 
above, subaipine individuais do not disperse extensively, 
EST-1° may have been incorporated independently into the two 
subalpine populations from the lower altitude populations on 
each mountain, or there are actually two alleles, with each 
allozyme having the same electrophoretic mobility by 
convergence through independent mutations. In ail these 
Situations, slight selective differences on each mountain 
could account for the present difference in frequency of 


EST-1, although this would be difficult to demonstrate 


(Lewontin, 1974)... 
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4.6 General considerations 


4.6.1 Prevalence of microgeographic Laces 

Genetic adaptations of local populations of animais to 
the immediate environment are generally physiological and 
such adaptations are often not reflected in readily 
discerned phenotypic differentiation. In contrast, locally 
adapted populaticns of plants can often be recognized 
easily, since conspicuous morphological modifications are 
generally involved (Mayr, 1963), so that much of the work on 
microgeographic race formation has been done on plants. In 
animals, protein variation has provided a rich source of 
polymorphisms with which to study population differentiation 
and has revealed in this study and in works cited above that 
rather marked differentiation may occur over short distances 
in populaticns of even very vagile animals. Specificaily, 
with respect to the present study, wide-ranging species of 
insects may commonly have populations adapted to 
high-altitude conditions on the mountains of western North 
America. Freitag (1965) studied several colour polymorphisms 
of various subalpine populations of the tiger beetle 


species, Cicindela depressula Casey, from the same mountains 


as in this study. Each population had distinct frequencies 
of colour morphs, but from his data, it is not possibie to 
determine if relationships between low and high altitude 


populations (recognized as separate subspecies) are similar 
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to those observed in Elaphrus americanus. Other examples of 
altitudinal differentiation of vagile insects include 
Italian populations of Maniola jurtina L. and various 


European populations belonging to the Pieris napi-bryoniae 


complex (reviewed in Ford,1975).. 


4.6.2 Microgeographic races: evolutionary potential 
Evolutionary potential of populations in peripheral 
areas, Whether on mountains or elsewhere, may depend on 
local circumstances. In this study, where environmental 
conditions were too severe (Mt. Hood), populations in 
Subalpine areas appeared to be maintained by immigration of 
individuais from lower aititudes, but where conditions were 
more favourable, (populations were protected from the 
effects of drought), distinctive subalpine populations were 
found. Greenslade (1968) suggested that ground beetle 
populations in the severe conditions at the highest 
altitudes on Scottish mountains, maintain their numbers 
solely by immigration from lower elevations. Two sorts of 
data put the long-term evolutionary impact of 
microgeographic races in doubt: (1) Quaternary beetle fossils 
(Coope, 1970); (2) The flora of metali-contaminated soils in 
areas of great geological age {Wild and Bradshaw, 1977).. 
There is little fossil evidence for any morphological 
evolution of beetle species in the upper half of the 
Quaternary (Coope, 1.c.) and Goulet (1978) assigned six 


million year old Elaphrus fossils to extant species. Coope 
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noted the contrast of this morphological conservatism with 
the existence of races of ground beetles which are most 
certainly of post-Pleistocene origin and he suggested that 
formation of local races of beetle species is simply a 
function of the broad adaptability of widespread species and 
may not be reflected in long-term evolutionary changes. 

The widespread occurrence of many plant species with 
populations adapted to localized areas of soil contaminated 
by heavy metals lied Wild and Bradshaw ({1l.c.}) to predict that 
there should be a high level of endemism in metal 
contaminated areas of great geologic age. This was observed 
only in areas of large extent and the authors concluded that 
most instances of local coadaptation simply involve too few 
individuals in too small an area to allow the local 
population to survive over the long tern... 

Populations of Elaphrus americanus may readily adapt to 
local conditions which exist at present in the subalpine 
regions of the Pacific Northwest, but the probability of 
extinction of these populations over short periods of time 
may be high due to the instability of the area, geological 
(vuicanism) and climatic (alpine glaciation). Nonetheless, 
these populations may contribute to the overall adaptability 
of the species through the introgression into lower altitude 
populations of "subalpine" genes (possibly EST-1). In the 
potential for the evolution of metal-tolerant populations 


from non-tolerant populations and found that the greatest 
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initial response to selection was from non-tolerant 
populations which were growing adjacent to tolerant 
populations and had acquired a considerable reservoir of 
metal tolerance genes from the the tolerant populations 
through gene flow (reviewed in Antonovics et al.~, 1971). 
Zoogeographers have iong recognized that mountain faunas 
often show high levels of endemism and are to a large extent 
derived from the surrounding low altitude fauna. Darlington 
(1971) attributed such patterns to the stabiiity of montane 
habitats, particularly in the tropics, where few, if any, 
species of ground beetles occupy a wide altitudinal range, 
but in contrast, Greenslade (1.c.) noted that many species 
of ground beetles cccupy a wide altitudinal range on 
Scottish mountains. Thus, the evolutionary influences on the 
biota of mountain areas at high latitudes may simply not be 


comparable to those in mountainous tropical areas. 


3 Microgeographic races: taxonomic implications 

How are microgeographic races, such as subalpine 
populations of E. americanus, to be treated taxonomically? 
Mayr (1963) pointed out the controversy in the botanical 
literature regarding this topic. To the present, in most 
groups, zoologists have not been faced with the probiem 
because of the difficulty in recognizing locally 
differentiated populations, but with the increased use of 


protein polymorphisms, pressure may increase to recognize 
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microgeographic races formally. A difference of opinion 
about such recognition will continue because of a dual 
function of "species" and "subspecies" on one hand as 
taxonomic units and on the other as evolutionary concepts... 
Mayr {1.c.) and others (Ross, 1974) suggest that formal 
recognition of differentiated populations, by naming of 
subspecies, should be restricted to distinctive forms, 
usually recognizable by external structural features, which 
have virtually completed the speciation process. Since there 
is doubt about the relationships between high and low 
altitude populations of E. americanus, subalpine populations 


should not be formally recognized as subspecies. | 


4.7 Concluding remarks 

The relationship between various populations of E. 
americanus from the Pacific Northwest remains unsolved. Much 
of the analytical power of using discrete polymorphisms, 
electrophoretic or otherwise, is lost, because the 
populations in question do not overlap in space, so that the 
level of dispersal between these populations becomes 
important. The interpretation of the observed geographic 
patterns of differentiation hinges, in large part, upon 
resolution of two controverial areas in biology, the 
adaptiveness of protein variation, and the relative 
importance of gene flow versus selection to evolutionary 
processes, If the enzyme polymorphisms observed in these 


populations are of no adaptive value, then the lower 
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altitude and subalpine populations must be considered to be 
reproductively isolated from one another, since it is 
established that a small amount of gene exchange between 
populations will prevent differentiation of those 
populations, all things being equal (Lewontin, 1974). If 
these polymorphisms are adaptive, then the possiblility of 
distruptive selection in the face of gene flow, must be 
considered. One way of demonstrating gene flow was 
suggested, that of identifying hybrid or backcross 
individuals, this being dependent upon discovery of enzyme 
loci with alternate allozymes virtually fixed in different 
populations, or on the use of a large number of partially 
differentiated enzymes. Use of mark-release-recapture 
methods could be a more direct way to demonstrate dispersal, 
but it might be almost impossible to locate dispersers, 
Owing to the large extent of the area under study. However, 
the suggestion made here, that the frequency of dispersal 
differs for low altitude and subalpine populations, could be 
tested, and also the possibility that reproductively mature 
individuais from lower elevations, may cease to disperse 
before subalpine areas become free of snow. A drawback to 
these methods would be that only dispersal, and not gene 
flow, would be demonstrated. Releasing large numbers of 
individuals from low altitude populations into a high 
altitude population and vice versa, tracing their effect on 
the recipient population by the use of genetic markers, 


would be a more direct approach, but the techniques for such 
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a Manipulation are not available for ground beetles. Another 
approach could be to collect a series of large samples fron 
transitional populations spanning the distance from Mt. 
Rainier to Mt. Baker. If there is gene flow, clinal 
variation of enzymes (EST-1) between subalpine populations 
Should be reflected by changes in relative abundance of 
alleles in the corresponding transition zone populations, 
but if the transition zone populations are independent of 
high altitiude populations, then ciines through the 
subalpine populations should not affect patterns of 
Variation in the corresponding transition zone samples. If 
indeed, the interpretations made here are correct, other 
organisms should show parallel changes across the forest - 
subalpine parkland transition zone. Most of the other 
species in the genus Elaphrus have a wide geographic range 
and are specialized to one sort of temporary riparian 
habitat or another, and abrupt changes in the genetic makeup 
of populations, corresponding to steep environmental 
gradients, may be found, perhaps in E. californicus Man., 
populations of which occur in adjacent forest and prairie 
environments. 

The genus Elaphrus is quite successful in terms of the 
number of individuals and the wide distribution of various 
species, but relatively depapurate in number of species. It 
is a matter of speculation as to why other carabid genera 
have many more species. The level of polymorphism is very 


high in Elaphrus species (per. obs.), and it is possible 
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that high levels of enzyme polymorphism are inversely 
correlated with the frequency of speciation events. These 
high leveis of polymorphism might also be correlated with 
specialization to a temporary, unpredictable habitat, but 
these correlations have been attempted for other organisms, 
with inconclusive results, Another approach to this problen 
could be to look at the variance in guantitative 
characteristics within and between populations of ground 
beetle species in various genera, the prediction being that 
much of the variation in Elaphrus spp. is containied within 
populations, variation in more speciose groups distributed 
between populations. It is possible that the niche which 
Elaphrus species occupy, is sufficiently restrictive and 
specialized, that these beetles rarely have an opportunity 


to speciate and adapt to new ways of life. . 
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Femur 

—— Fovea 

— Tarsus 

Hide 2 .dDGrsdl Wiew of am adult male of Slaphrus 
americanus showing principal.features which 


determine overall body colour. Foveae 
(depressions) probably disrupt the outline of 
the body. 
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Grae od PUM yo eo k K/k: Gf) | Oi/ Pass. A/T 


EST-1 phenotypes 


Fig. 3. Polyacrylamide gel Showing banding patterns 

of a monomeric esterase (EST-1) from individuals of 
Elaphrus americanus from various localities in the 
Pacific Northwest. Note satellite bands (light grey) 
below main bands for m/q, K/K, j/j. i/j. The individual 


scored k/k has a slow-moving I-napthyl acetate-specific 
band (grey). 
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dje eft “Sia afq ast T/i. aftefi d/i ef 1/3 


AO-1 phenotypes 


Fig. 4. Polyacrylamide gel showing banding patterns 
of a dimeric aldehyde oxidase enzyme (A0-1) from 
individuals of Elaphrus americanus from various 
localities in the Pacific Northwest. 
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